Aims To assess the effect of fibric acid derivative bezafibrate on incidence of type 2 diabetes in obese patients over a median 6.3 years follow-up period.
Introduction
Type 2 diabetes mellitus and obesity, both major health problems worldwide, are considered to be closely related. [1] [2] [3] [4] [5] [6] [7] In the majority of cases, type 2 diabetes is now widely thought to be an important component in a group of disorders called the metabolic syndrome. [8] [9] [10] [11] People who develop type 2 diabetes as a part of metabolic syndrome usually pass through the phases of excessive adipogenesis, nuclear peroxisome proliferator activated receptors (PPAR) modulation, insulin resistance (IR), and beta-cell dysfunction. [10] [11] [12] [13] [14] Recent studies have shown that type 2 diabetes is preventable by lifestyle interventions and by some medications which influence primary glucose metabolism. [15] [16] [17] [18] [19] There are limited experimental and clinical data regarding prevention of type 2 diabetes by pharmacological interventions which influence primary lipid metabolism. [20] [21] [22] [23] Fibric acid derivative bezafibrate is a non-selective ligand/ activator for PPAR alpha 24 with triglyceride-lowering and HDL-cholesterol raising effects resulting in decreased systemic availability of fatty acid, diminished fatty acid uptake by muscle, and improvement of insulin sensitization. [24] [25] [26] [27] In patients with overt diabetes, bezafibrate reduces plasma glucose concentrations. 25, 28 Recently, we have shown that bezafibrate can reduce the incidence of diabetes in patients with impaired fasting glucose (IFG) levels. 22 We hypothesized that this effect may be present also among obese patients with normal fasting glucose level. The present analysis aimed to evaluate the effect of bezafibrate on the development of type 2 diabetes in obese patients enrolled in the Bezafibrate Infarction Prevention (BIP) Study over a median 6.3 years follow-up period.
Methods Patients
The major inclusion and exclusion criteria for the BIP study, as well as the ethical guidelines, have been previously reported. 29 Briefly, inclusion criteria for men and women were: 45-74 years of age, history of myocardial infarction not less than 6 months and not more than 5 years prior to enrolment into the study and/or stable angina pectoris confirmed by coronary angiography, and/or radionuclear studies or standard exercise tests.
The major exclusion criteria for the BIP study were: permanent pacemaker implantation, cerebrovascular disease, chronic hepatic or renal disease, peripheral vascular disease, malignant diseases, & The European Society of Cardiology 2005. All rights reserved. For Permissions, please e-mail: journals.permissions@oxfordjournals.org oestrogen replacement therapy, insulin dependent diabetes mellitus, and current use of a lipid modifying drug.
After an initial 2 months of lipid lowering diet, 3122 eligible patients were included in the BIP study between May 1990 and January 1993. The follow-up period lasted until May 1998 [median 6.3, interquartile range (lower and upper quartile) 5.6-7.0 years]. The study was a multicentre prospective trial, performed at 18 university-affiliated hospitals. After randomization, intervention (administration of bezafibrate or placebo) and follow-up periods were the same. There was no significant difference in the distribution of all-cause and cardiac mortality between the bezafibrate and placebo study groups. However, the reduction in the primary endpoint (fatal or non-fatal myocardial infarction or sudden death) was impressive in the subgroup of patients with high baseline triglycerides (!200 mg/dL). 30 Among the BIP study patients, 438 met the World Health Organization criterion for obesity, i.e. a body mass index (BMI) of !30.0 kg/m 2 . 2,31 Among them, there were 58 diagnosed diabetics, 36 patients with a fasting blood glucose level of !126 mg/dL (7 mmol/L; 1 mmol/L ¼ 18 mg/dL) (undiagnosed diabetics), and five patients with unknown glucose metabolism status: all these patients were excluded from this analysis. Thus, the final study sample for this post hoc analysis comprised 339 non-diabetic obese patients without any antihyperglycaemic treatment on baseline ( Figure 1 ). Among them, there were 287 (85%) patients with fasting blood glucose level of ,110 mg/dL (6.1 mmol/L).
In accordance with the American Diabetic Association (ADA) classification, 32 we defined the detection of a fasting blood glucose level at baseline !110 mg/dL as IFG and !126 mg/dL during the follow-up period as the criterion for new diabetes (or launch of antidiabetic medications).
The standard lipid lowering diet advice (based on National Heart, Lung, and Blood Institute recommendations at that time) was provided for all patients in the form of initial 15 min individual session that emphasized the importance of a healthy diet. Two months after the screening initiation (on randomization, the third visit) and again in 1994, additional reinforcements of dietary advice were performed. In addition, the patients received either 400 mg of bezafibrate retard or placebo once a day. Patients continued their prescribed medications for cardiac and other conditions except lipid lowering drugs. Routine visits to the clinics were scheduled bimonthly for study medication distribution and compliance assessment by tablet count, every 4 months for clinical evaluation and every year for blood analyses.
Laboratory methods
Detailed data on laboratory methods were given in a previous report. 30 Briefly, blood samples, collected in the 18 participating medical centres using standardized equipment and procedures, were transferred in cooled containers to a central laboratory. Blood samples were drawn after at least 12 h of fasting for determination of serum levels of cholesterol, HDL-cholesterol, and triglycerides. Laboratory measurements were carried out using standard automated procedures using commercially available kits (Roche Diagnostics).
Fasting blood glucose values (serum) were determined by the enzymatic glucose oxidase-peroxidase amino phenazone phenol (GOD-PAP) method, employing a BM/Hitachi 717/911 analyzer. 30 For the purpose of the present study, serum samples, which had been taken at baseline from each study participant and stored at 2708C, were thawed and assayed for insulin level by routine radio-immunoassay (Insik 5; Sorin Biomedica, Saluggia, Italy). The homeostatic indexes of IR were calculated according to the homeostasis model of assessment (HOMA) as follows: [34] [35] [36] HOMA IR ¼ fasting insulin ðmU=mLÞ Â fasting glucose ðmmol=LÞ 22:5
Quantitative insulin sensitivity check index (QUICKI) ¼ 1 ½log fasting insulin ðmU=mLÞ þ log fasting glucose ðmg=dLÞ :
Determination of additional variables
Criteria for the diagnosis of myocardial infarction, anginal syndrome, hypertension, and congestive heart failure have been previously reported. 30 Functional capacity classes were evaluated according to the New York Heart Association (NYHA) classification. Smoking habits were determined on the basis of self-reporting by the patient during an interview held with a study physician. 
Statistical analysis
Data were analysed using the SAS software. 37 Continuous variables were presented as mean values + SD. Baseline characteristics were compared by x 2 test for discrete variables and t-test for continuous variables. The time until onset of new diabetes was presented as median [interquartile range (lower and upper quartile)] and compared using Wilcoxon rank sum test. A value of P , 0.05 (two-sided) was considered as statistically significant. No adjustments for multiplicity were made to the significance level.
Kaplan-Meier curves and estimates of diabetic incidence and other outcomes were produced using the LIFETEST procedure. 37 The log-rank test was used for comparing the curves and outcomes. Seven annual measurements of glucose, BMI, HDLcholesterol, and triglycerides among the patients allocated to bezafibrate or placebo were compared using analysis of variance for repeated measures. We employed general linear model (GLM) procedure which included factors for treatment, time, and their interaction. The P-values for the interaction test are presented.
Multivariable analysis of incidence of new diabetes was performed using the Cox proportional hazard model (PHREG procedure). 37 Estimated HRs and their 95% CI are presented. The linearity assumption for the continuous variables was assessed by fitting the models with added quadratic terms. This method showed that the assumption of linearity was satisfied. We tested for fulfillment of the assumption of proportional hazards using the method based on time-dependent co-variates. The proportional hazards assumption for treatment (placebo vs. bezafibrate) was not exactly satisfied. Therefore, the obtained HR (CI) reflected an average effect of treatment over the range of times observed in the data. 38 Variables included in the model were age, gender, total cholesterol, triglycerides, fasting glucose, hypertension, previous myocardial infarction, heart failure, anginal syndrome, and smoking status.
To assess whether the association between bezafibrate treatment and reduced rate of new diabetes persisted in diverse categories of metabolic status, diabetes mellitus incidence was determined in patients according to the level of glucose at baseline (using cut point for IFG), LDL-cholesterol, triglycerides, or the presence of angiotensin converting enzyme-inhibitors (ACE-I).
Results

Baseline data
Our population included two groups: (i) bezafibrate group, 178 patients; (ii) placebo group, 161 patients.
Patients in the placebo and bezafibrate groups were well balanced in terms of clinical and laboratory baseline characteristics and concomitant medications ( Table 1 ). The study groups were similar in regard to age, gender, and the prevalence of the most relevant cardiovascular diseases and risk factors (myocardial infarction in the past, hypertension, heart failure, anginal syndrome). The majority of the patients in both groups were men who had sustained a myocardial infarction in the past. Systolic blood pressure was somewhat higher among patients on bezafibrate. No significant differences between the groups were found for all types of cholesterol, apolipoproteins, diastolic blood pressure, heart rate, BMI, fasting glucose, triglycerides, fibrinogen, and creatinine levels. The fasting insulin level and indices of insulin sensitivity (HOMA IR and QUICKI) were determined in 108 (32%) randomly selected of 339 study patients: in 55 patients on placebo and in 53 patients on bezafibrate. No significant differences between the groups were found for these parameters: fasting insulin level, 14.9 + 5.7 mU/mL in patients from the placebo group vs. 17.3 + 8.0 mU/mL in patients from the bezafibrate group (P ¼ 0.07); HOMA IR, 3.8 + 1.6 in patients from the placebo group vs. 4.3 + 2.4 in patients from the bezafibrate group (P ¼ 0.17); QUICKI, 0.32 + 0.02 in patients from the placebo group vs. 0.31 + 0.02 in patients from the bezafibrate group (P ¼ 0.2). There were no significant differences between the groups in the proportion of patients receiving cardiovascular drugs. Nitrates, calcium antagonists, betablockers, and antiplatelet drugs (mainly aspirin) were the most commonly used medications at baseline. The use of ACE-I increased significantly during the follow-up period.
Changes in glucose, BMI, and lipids during follow-up
No significant differences between the groups were found for fasting glucose levels at baseline ( Figure 2A ) . As a whole, there was a significant difference in glucose levels over the time between bezafibrate and placebo groups (P ¼ 0.003 for the interaction test).
There was no significant change in mean BMI values in either the bezafibrate or the placebo group during the follow-up ( Figure 2B ). Average changes in mean HDLcholesterol and triglyceride levels are given in Figure 2C and D. No significant differences between the groups were found for lipid level at baseline. There was a significant difference in mean HDL-cholesterol (P , 0.001) and triglyceride levels (P , 0.001) over the time between bezafibrate and placebo groups.
Development of new diabetes and other outcomes
According to the definition, there were no patients with diabetes among the study groups at the beginning of the followup. During the follow-up period, development of new diabetes was recorded in 98 patients: in 56 (37.0%) patients from the placebo group vs. 42 (27.1%) from the bezafibrate group, (Kaplan-Meier%, P log-rank ¼ 0.01). The total mortality and rate of the fatal or non-fatal myocardial infarction in obese patients on bezafibrate tended to be lower than in their counterparts on placebo, but this tendency did not reach statistical significance ( Table 2 ). In addition to reducing the incidence of disease, the median time (interquartile range) until onset of new diabetes was significantly delayed in patients on bezafibrate in comparison with patients on placebo: 4.0 (2.1-5.0) vs. 2.0 (0.5-3.5) years, P ¼ 0.002.
Oral antihyperglycaemic drugs were initiated during follow-up in 50 (51%) of 98 patients with new diabetes. There was no difference in the proportion of patients on those medications between the study groups. Data are number (Kaplan-Meier%) of patients. a The primary endpoint of the BIP study was fatal or non-fatal myocardial infarction or sudden death. Figure 3 Kaplan-Meier curves of diabetes incidence (in accordance with the time of diagnosis following annual fasting blood glucose measurements) for the study groups (bezafibrate vs. placebo).
Kaplan-Meier curves of diabetes incidence (in accordance with the time of diagnosis following annual fasting blood glucose level measurements) for the two study groups are presented in Figure 3 . The incidence rate of diabetes among patients on placebo was significantly higher than in their bezafibrate-treated counterparts (P log-rank ¼ 0.01).
Multivariable analysis identified bezafibrate treatment as an independent predictor of reduced risk of new diabetes development with HR 0.59 (95% CI 0.39-0.91).
Other significant variables associated with future overt type 2 diabetes in obese patients were triglycerides (50 mg/dL increment) with HR 1.15 (95% CI 1.02-1.28) and fasting glucose (10 mg/dL increment) with HR 2.27 (95% CI 1.83-2.81).
The association between bezafibrate treatment and the rate of new diabetes in diverse categories of metabolic status are presented in Figure 4 . A lower incidence of diabetes mellitus was found in the patients on bezafibrate, regardless of IFG or ACE-I, and for different levels of LDL cholesterol and triglycerides.
Discussion
Overweight and obesity have reached epidemic dimensions worldwide, mainly due to consumption of high-energy diets and increased sedentary behaviour. Obesity is clearly associated with cardiovascular diseases and type 2 diabetes. [1] [2] [3] [4] [5] [6] [7] The Diabetes Prevention Programme (DPP) results have shown that individualized, systematic, and intensive lifestyle interventions (including dietary changes, increased physical activity, and weight loss) are the most effective means of prevention of type 2 diabetes in general high-risk populations (unfortunately, they are not easily applied in general practice). 15 Pharmacological interventions employing some medications which influence primary glucose metabolism (metformin and acarbose) or induce weight loss (orlistat, combined with dietary intervention) can also effectively delay the progression to type 2 diabetes, 15, 18, 19 but the magnitude of the benefit seems to be somewhat less (58% for DPP lifestyle changes vs. 31% for metformin, 37% for orlistat, and 25% for acarbose). Recently, we have shown that a pharmacological intervention (bezafibrate) which influences primary lipid metabolism can reduce incidence of type 2 diabetes in patients with IFG levels. 22 The data from the present study have shown that this effect may be present in different category of high-risk population-obese patients even with normal fasting glucose level.
There have been a number of reports of prevention of diabetes with non-glucose lowering agents in post-study Figure 4 Subgroup analyses for diabetes mellitus incidence rate among the study patients according to the level of glucose on baseline, LDL-cholesterol, triglycerides, or the presence of ACE-I. KM%, Kaplan-Meier%. analysis. In the WOSCOPS Study, there was a 30% risk reduction in development of diabetes in those in the pravastatin group and, although pravastatin was not an independent risk factor, when triglyceride levels were included in the model this raised the role of statin therapy in the prevention of diabetes as an issue. 39 However, these findings were not supported in the Heart Protection Study. 40 In the HOPE Study, treatment with ramipril compared with placebo showed a relative risk reduction of 34% in the development of diabetes, 41 but the study was potentially flawed because it was based solely on self-reported cases. Furthermore, a 25% risk reduction was also noted in the LIFE Study with losartan. 42 However, the control group received atenolol and one could argue whether it was the losartan protecting against diabetes or the atenolol increasing the risk of diabetes. 43 The factor dominating in obesity is the permanent elevation of plasma free fatty acid with augmented utilization of lipids by the muscle inducing a diminution of glucose uptake and IR. Currently, an insulin-resistant state, as the key phase of metabolic syndrome, constitutes the major risk factor for the development of diabetes mellitus. 10, 11, 44 Hyperinsulinaemia appears to be a compensatory mechanism that responds to the increased levels of circulating glucose. If beta-cell dysfunction occurs, it leads to the fall in insulin secretion and to hyperglycaemia and, in fact, separates the obese patients with metabolic syndrome from those with or without overt diabetes. 44 On the basis of the current concept of the evolution of obesity toward overt type 2 diabetes, decrease in plasma free fatty acid and improvement in insulin sensitization seem to be a valuable goal for therapy.
Bezafibrate is a non-selective pharmacological ligand for PPAR-alpha, controlling primarily the expression of genes involved in lipid metabolism. However, PPAR-alpha (in addition to PPAR-gamma) also plays a role in glucose homeostasis and in the development of IR. 24, 45 Moreover, bezafibrate activates all three PPAR subtypes (alpha, gamma, and delta) at comparable doses. 46, 47 Therefore, bezafibrate has the potential to directly improve insulin sensitization via PPAR-gamma activation.
Our data suggest that bezafibrate can slow down progression to overt type 2 diabetes in obese patients with an extent of benefit (42%) comparable with other medications already recommended for secondary prevention. Therefore, pharmacological interventions which influence primary lipid metabolism can be effective in this context.
Study limitations
Our study has several important limitations. Development of diabetes was not a declared endpoint of the original BIP study. Therefore, caution should be used in interpreting our finding, as it was identified in post hoc subgroup (obesity) analysis. Glucose tolerance test was not been used in the BIP study. Whereas the ADA recommended using fasting blood glucose for more aggressive IFG and diabetes screening, most large prospective prevention trials deal with patients with impaired glucose tolerance. However, impaired glucose tolerance and IFG do not totally overlap. Thus, our data may be biased by unrecognized diabetes at baseline and during follow-up.
Conclusion
Bezafibrate decreased the incidence and delayed the onset of type 2 diabetes in obese patients over a long-term follow-up period.
